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<g) Biologically active polypeptide fusion dimcrs. 

(sT\ The present invention provides a biologically active muJtimeric polypeptide molecule in which two or 
more monomeric subunits are linked together as a single polypepUde ( fusion multimer ). These fusion 
fTHiltimets are more easity and rapidly refolded than unfused mdtmws, because the reactions 
necessary to generate the biotogicaDy active mullimeric fonm of the polypeptide proceed with first 
order, rather ttian second or higher order, reaction kinetics. Fuswn multirTTera also eliminate the 
simiitaneoufi formation of undesired polypeptide by-products during refolding. The fusion muitimers of 
the piesent invention specificalty include PDGF fusion dimers. 
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Background 

PDGI- nas Dean snown lu y o^y-iyx «fiQ6-e899 (19811 Seealso.e.g,,Hel(Jine(9/.,^.C^Phys- 

■ fi-l r^lte^ PDGF te also believed to be a chemoattractant for fibroblasts, smooth musde cells, 
smooth rm.scle celte)_PDG^^ .^^^^ „,itogenesis at the site of oon- 

::s:r;rdt:rt:^^^^^ 

family merT*ers. T.s*eref a;_^d^^ Corsequently. these "newef members of the PDGF far..ly are 
.S-S^'S^^l^rA^chainbeing^P^^^^^^^^ 

is found ia th,^ d.menc '^JII^^^f^^'^Z^UiT^Y^Z^*^ POGF-AB has been identified a. the pre- 
Th^r encodXreo!rsor protein begins at amino acid 82 of the 2*1 amino acid precursor prote,n and con- 

iransfected bacterial host cells also resulted in theformat»naf homodimencPDOF-AAand PDGF BB by-prt)o- 
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""^'V is an object of the present invention to provide a multimeric polypeptide having improved refolding ki- 

"^"^ a is a further object of the present invention to provide a m.Itimeric polypeptide that can be produced re- 
combinantly wvilhout the fomnation of undesired polypeptide by-products. 

Summary of the Invention 

Tt^e present invention provides a biologically active polypeptide molecule in which at least ^'"^-^y,;^ 
po.ypeptWesubunitsof.natura.lyocc«rrins™itlmeritprotainar9.irkedt^ 

multlmef) The polypeptide is preferably a dimeric polypeptide from the PDGF family. The fu3.on multh 
rf^he^esenf i^e'^iion are n».e easily and rapidly refolded than unfused "^It"--;^^"^^^ 
^o.«ne^sary togeneratethe bidoflically active multimericform of the polypeptKte proceed w.th f. storde^ 
^^^|!^^ond or higher order, reaction kinetics. Tl,e fusion multin^rsof the present ,nvent,on also el.m- 
mate ri.^t>neous formation of und.s.ed polypeptide by-products during refCding. Tha ,n^,..<3u^ ^^ 
nifs ol t^e ftision mullimer of the present invention are linked together in a head to taS manner. The .nd.v,dual 
subunlts may be linked together directly, or they may be separated by a spacer moiety. 

The present invention abo provides a method for malting a biologicaily active fuson mulbmer by trans- 
fectilg a^r^ with a DNA s^.ence having the respective coding sequences of each monomer^ s.bun.. 
Lnrtusion mum,T«r linked together in a head to tail manner to form a «ing,e cont,nuo.i8 polypeptKje. 

Brief Description of the Drawings 

FIG. 1 the amino add sequence of a PDGF fusion dimar, in which a PDGF-8,,, subunit is linked to a 
; PDGF-B,„ subunit separated t,y a spacer of amino acids -54 to -1 of the pre-pro region of the PDGF-B pre- 
cursor^profBin^ diagram of the steps used in construction an expression plasr^d coding for the prodtjction of 
the PDGF-Bn&B,o9 fusion dimer shown in Fig. 1. 

FIG. 3 is a nucteic acid coding sequence for POGF-Sno- • „ /at ^r«inr» 

FIG. 4 is a nucleic acid coding ^uence for PDGF-B,o. preceded by the ent.re pre-pro regtcn (81 ammo 



45 



'niar/aJ«™r:Srru;ePOGF-B,.B,„f^^^ 

"^RG.' S is a graph showing the activity of the PtX5F.B„.B,oa fusion dimer as compared to POGF-BS,,,- 
. Detailed Descriptifin of the Invention 

The present im/ention provWes a bfologically active polypeptide molecule in which ^'«f "7° "'°"""!.'^ 
polypeSlMe«ubunil» of a naturally o««rri„«mulU.neric protein arelbiked togell«r as a single polypeptide ( Tu- 
stonmultimer^. Preferably, the fusion multimer is a member of the PDGF family. . . „ .k- 

in S to aid the understanding of the present invention, the follow^g terms, as used herein, have the 

''""tS tLii' 'r-multimeric- poiypaplide refer to a polypeptide molecule which, in its natural, 
loQkLw active form, contains more than one functional polypeptkle subunit The functional 

be c;vai;,tly bonded to each other, such as through disu«ide bonding. ^ -"^^^-^^^^ 
Lbiectir4 the mullimeric polypeptide to reducing conditions, thus breaking the dsulfide bonds. 

'?^?e.l^^I ^SimrSr-SS- polypeptide mferto a polypeptide molecule which, in i.s natural, biologically 

artive form contains tvw) functional sutwjnits. u *. 

The^^-monomer- and -monomeric' pdypep.kie or"moncmeric" subunit refer to a single subunil of a 
multS^r^^ypeptide. The monomeric subunit may be an exact copy of the "^"^^.-^ °'=~""'9„'^°7/:^'r 
TuSt^ irmTl^either a btoloflically active analog or a biologically inactive (inhibitor) analog. It will be ap- 
p^a e^ ha. a 'reduced- polypeptide will necessarily be monomeric unless it « a fusion di.T^r. 

Thfterm -fusion mJtimer means a polypeptide which, in its naturally occumng, biologi^lly actn,e fom^ 
exists La mUtimer. but which has been engineered to have its consUtuent monomenc subunrts l.ked to- 
n»tfvir cither directly or through a spacer moiety, as a single continuous pdypepbde. 

e irm So dir^l- m^ansa'i.iypeptide whi*, ^ its naturally occurring. ^-^^ll^^^J^":^^^^ 
ists as a ^mer. but which has been engineered to have its Iwo constilueni monomenc subumts linked together, 
either directly or through a spacer moiety as a single conUnuous polypeptide. 
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As used herein, tha term "homodimei' refers to a dimeric molecule wherein each monomeric subunil Is 
either Ihe same as or is an analog of the same naturally occurring monomeric subunlt. For example, PDGF is 
known to have several mature forms. Therefore, a PDGF-Bioe3i,s, dimer is considered to be a PDGF-BB hom- 
odimer even though the monomeric subunits are not exactly the same. 

The term "spacer moiet/" means a polypeptide amino acid sequence separating two monomeric subunlts 
in a fusion multimer. 

The term "biologically active" polypeptide means a polypeptide having substantially the same mitogenic. 
chemotactic, enzymatic and/or other detectable biological activity as the corresponding naturally occurring 
polypeptide. 

The term "inhibitor" analog or "inhibitor" polypeptide means a biologically inactive polypeptide that inhibits 
the mitogenic, chemotactic, enzymatic arxl/or other de tec tatjie biological activity of the conresponding naturally 
occurring polypeptide. 

As used herein, ""refolding" means bringing a denatured, reduced or partially reduced polypeptide into a 
biologically active conformation. Refolding indudes those instances wherein a polypeptide has been produced 
in denatured form and is, in fact, baing brought into a biologically active conformation for the firet timo. Tha 
term "refolding* may be used rterchangeaWy with "folding". 

As used herein, "inteft*iain disulfide bond" is a disulfide bond formed between two cysteine moieties of a 
dimeric polypeptide, wherein the cysteine moieties which form the disulfide bond are from different monomeric 
subunits. 

Aa used heroin, Intrachain disulfide t>ord" is a disulfide bond formed between two cysteine moieties of 
a dimeric polypeptide, wherein the cysteine moieties which form the disulfide bond are from the same mono- 
meric sutHjniL 

Unless otherwise specified. PDGF is any combination of PDGF monon>ers and/or dimers. including ana- 
logs thereof, reduced or unreduced, biologicaBy active, or inactive, recoinbinant or otherwise. The term "PDGF" 
is intended to include PDGF analogs having one or more modifications to the number and/or identity of amino 
acid sequences of naturally occurring PDGF. 

The term "PDGF homologous region" means the amind'add sequence from amino acid 13 to amino acid 
99 in naturaSy occurring PDGF-B. 

The term TOGF family* moans a naturally occurring dimeric polypeptide having at least about 20% amino 
acid sequence homology to the PDGF homologous region and having a total of eight cysteine residues within 
the PDGF homologous region such that the cysteine residues are highly conserved. 

As used herein, cysteine residues that are "highly conserved" within the PDGF family refer to cysteine re- 
sidues within the PDGF homologous region wherein no more than five adjustments, in terms of additions or 
deletions of numbers of amino acids, must be made in order to exactly lineup the cysteine residues within the 
PDGF homologoussequenceof a PDGF family member to the cysteine residues within the PDGF homologous 
region of naturaDy orrurring PDGF B. 

The term "PDGF precursor protein" refers to the entire 241 amino acid c-sfe-encoded precursor protein 
prior to processing of the polypeptide to its shorter, mature forms {e.g., PDGF-8109 and POGF-8,,9). 

The lenn"pre-pro" region nneans that portion of the PDGF [precursor protein which lies* to the amino lerminal 
side of the mature PDGF protein. Using the numbering system of Devare et at, (Devare ef aL, Pruc. Natf Acad. 
Sci. USA SO, 732 (1983) the pre-pro region extends from amino acid -81 to amino acid -1 . with the remaining 
amino acid sequence from 1 to 1 60 representing amino acids found in various mature forms of PDGF, the most 
common of which being PDGF-B,o<, (amino acids 1-109) and PDGF-Bno (amino acids 1-119). 

The fusion multimer of the present invention may be any polypeptide which, in its naturally occuning, bio- 
logicalty active form, exists as a multimer. btjt which has been engineered in accordance with the teachings 
of the present invention to have its constituent monomeric sutmnits linked together, either directly, or through 
a spdcer nrK>iety, as a single continuous polypeptide. 

The fusion multimers of the present invention virtually eliminate the simultaneous formation of undesired 
polypeptide by-products during refolding. This is particularly important where high expression bacterial host 
cells are used for the expression of a recombinant multimeric protein. For example, in the case v*(tiere a PDGF- 
AB heterodimer is refolded from PDGF-A and PDGF-B monomeric subunits generated from two different £. 
CO// host strains. Ihe undesired PDGF-AAand POGF-BB homodimeric forms must be separaled from Ihe de- 
sired PtX5F-AB heterodimehc producL (European Patent Publication No. 0^60189, ibid.) In contrast. If a 
PDGF-AB fusion heterodimer is expressed as a single continuous polypeptide from an E coU host in accor- 
dance with the teachings, of the present invention, no such polypeptide by-products are formed. This provides 
a tremendous benefit in the commercial production of large quantities of multimeric proteins. 

The same benefit can also be applicable to mammalian and yeast host cells, because these higher level 
expression systems have also been known to secrete undesired polypeptide by-products in certain situations 
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where mullimsric proteins are deeirBd. The fusion mullimer of the praasnt invention essentially eliminates the 

fornialion of these unwanted t)y-products. ^ ^ , ,ha„ 

The fusion multimers of the present Invention are expected to be nwre easily and rapidy refolded than 
unf used mullirr^rs. because the reactions necessary to generate the btologically active multknef.c form of the 
fusion polypsplida proceed with first order reaction kinetics. Unfused multimeoc polypeptides, on the other 
hand typically refold according to second or higher order reaction kinetics. The ability to reduce the forces 
necessary to bring together the tv.o or more subunits required for refolding of the desired mult.menc protein 
Inlolts biologically active conformation should hasten the refolding process considerably. 

The fusion multimers of the present invention can also be engineered to act as inhibitor polypeptides. This 
is possible, because many multimeoc polypeptides function by interacting simultaneoufily in some way with 
rnore than one tai^et molecule. If a fusion multimer is designed to contain at least one inhibitor andog as a 
monomerie subunit. the resulting multimeric inhibitor polypeptide can interac* with one. but not more than one. 
available target molecule simultaneously. The resulting "non-productive" interaction will reduce the number 
of target moleo^les available for productive interaction with the naturally occurring biologically actn/e form of 
t»« multimeric prrjtein so that it cannot function to bring about ts normal l>ioto9ical rosporso. 

An interveningregion. otherwise referred to as a 'spacer- or 'spacer moiety-. "^^^"^^"''^^"^^1 
for proper folding in the case of certain fusion multimers. A spacer moiety will ordinanly be used where rt s 
believed that the presence of a spacer will allow greater freedom for the constituent monomeric subunits of a 
fusion multimer to interact with each other in order to generate a biologically active form of the folded multimenc 

»"he fusion multimer is Intended for use as a human therapeutic product and a spacer moiety is desired, 
it is preferable to select the spacer moiety from among human polypeptides, because these polypeptide se- 
quences will have much less of a chance of inducing an immune reaction than will a foreign polypeptide se- 
auence The polypeptide sequence for the spacer moiety may be any number of amino aods long, provided 
; mat the spacer moiety Is not so long and cumbersome as to interfere with the necessary interaction between 
.L^s^rnt monomeric subunits of the fusion dimer. It will also be preferred to avoid ammo acid residues 
that are known to interact with other reskjues (e.g.. cysteine resWues) and amino acids that are may create 
unusual twists or turns in an amino acid sequence. 

The fusion multiiT>er of the present inventton is preferably a dimeric member of the PDGF family. More 
, prefembly. the fusion dimer is a dimeric form of PDGF. VEGF. or PLGF. Still more ^f^^^'^^'''^!f^^^"^' 
Is a dimeric form of PDGF. Most preferaNy. the fusion multimer of the present invention is a PDGF-BB usion 
dimer. The preferred PDGF-BB fuskxi dimer may be a biologkally actwe polypcplide or an mhibitor pdypep- 
tide 

m the case of a PDGF fusion dimer, a spacer moiety Is not believed to be necessary. Nevertheless, if a 
5 spacermoietylsdesiredinthecaseofaPDGFfusiondlmer.itwIllbeprefetabletouseaspacermoietyselected 
fr«n a portion of the r-sta encoded PDGF precursrv" protein. More preferat,ly selertion nf the spacer mo«.ty 
will be from the "pre-pro" region of the PDGF precursor protein. The pre-pro ragon of the PDGF precursor 
protein in the amino terminal end of the protein beginning with amino ackJ -81 and ending witt, amino aad -1 . 
Thi* 13 the region of the PDGF precursor protein that is usually deaved of f duriis) proces*.ia 1^ host cells Irens- 
o fected with the entire v-^ or c-sis coding sequence, and is not expected to interfere with the refolding of the 
PDGF fusion dimer or contribute errant properties of its own to thef usion dimer. Importantly, the pre-pro region 
of the PDGF precursor protein does not contain any cysteine residues, ^ ^ . 

A biolOQically active fusion dimer was made according to the present inventton using hvo POGF-B chains 
connected through a spacer moiety consisting of a portkx, of the 'pre-pro" regton of PDGF B pre«jr9or 
45 protein. Although the spacer moiety is not believed to be necessary to generate a biolt>gically actr/e PDGF- 
BB fusion dimer. this particular fusion polypeptide was conveniently made from available starling matenals 
and demonstrated biological activity. ^ , ^ 

The existence of bidoglcal activity in a fusion multimer. such as the PDGF-BB fusion d.mer demonstrated 
in the examples which follow, was somewhat surprising in light of the fact that thera is no precedent for making 
so a biologically active f uston dimer. Although fusion proteins (emptoying a highly expressing protein at the ammo 
terminus) have been known to be effective in improving the expression of polypepUdes generated for the pur- 
pose of inducing antibody response, these f uston proteins are not required to have biological activity, but mere- 
iTto have epitopes for recognition by antibodies. Also, it has been suggested that the joining of two diflerenl 
but related proteins into a single fusion protein may result in a synergistic effect not ot^rved when the Iv^ 
« proteins act independently in their naturally occurring, unfused form (Williams and Park^ '^^"'^^.'^f ^ 

2707 (1991 ; granulocyte-maaophage colooy-stimulatlng factor and inlerleuk.n-3 prepared as f^-o" P'°«e,'"^ 
However there is no suggestion that two monomeric subunits which must interact directly to exhibit bwlogical 
activity in nature can belinked together in a single continuous pdypepUde yet retain the ability to perform the 
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same necessary inleractiona required for biological activity of the resulting fusion multimer. 

The present Invention also provides a niethod for making a biologically active fusion mulUmer by trans- 
fecting a host cell with a DNA sequence having the respective coding sequences of each monomenc subunrt 
of the multimeric polypeptide linked together in a head to tail manner to code for a single continuous polypep- 
tide (/ e the subunlts are not separated by start and stop codons.) if a spacer moiety ,s desired in the fus«n 
dimer product, a coding sequence tor the spacer moiety is inserted between the coding sequences for the con- 
stituent nTonomericsubunits. .„,„„.t,™4. 

The fusion multimer of the present invention can generally be made by any one of a number of methods 
known to those skilled in the art for the production of recombinant proteins. In many cases, the coding sequenc- 
es for the monomeric subunits of the fuston dimer may already be available. These subunits can be easily 
linked together, with or without a spacer, through a DNAIinker using standard linking techniques known to those 
skilled in the art It is also, or couree. possible to synthesize the desired fusion multimer coding sequence using 
a DNA sequenator. The particular method used to generate the coding sequence for the fusion dimer will or- 
dinarily be dictated by a number of practical considerations induding the availability of starting materials. Once 
the coding sequence for th« fusion multimBr product is construclod. it is lns«rt«J into a vector, with th* resulting 
vector being used to transfect a suitable host cell using standard techniques known to those skilled in the art. 

In the case of a PDOF-BB fuston homodimer, for example, one can first modify the v-s« gene (o obtain 
the human counterpart csis. or use csis as a starting material. Two of the modified coding sequences are 
then linked together, foltowing placement of appropriale initiation and stop codons. and inserted mto a suitable 
vector which is then used to Iranafect the desired host cell. 

Alternatively, one can either synthesize the PDOF-BB fusion homodimer coding sequence. orf»st cut back 
the c-sis gene or modified v-sis gene, at an appropriate restriction site near the catboxy terminus, and then 
rebuild the carboxy terminus of the PDGF precursor protein coding sequence to the desired end position using 
preferred codons for the partfcular vector and host cell being employed. The c-sis gene or modified .^s-s gene 
can also be cut back at an appropriate restriction site near the amino teminus. with the amino tenmnus being 
built back to the desired starting position, again using preferred codons for the selected vector and host cell 
systems in other words, any combination of synthetk: methods and in vitro mutagenesis of naturally occurring 
staring materials can be used to generate fusion multimers. such as the PDGF-BB fusKsn dimer. 

in the preferred method for generating the PDGF-BB fusion dimer of the present invanlton. the o-sis gene 
is modified to obtain ttie c-sfe gene, otherwise referred to as the PDGF-B precursor protein coding sequence. 
The PDQF-B precursor protein coding sequence is then modified to obtain the desired coding sequences for 
the two monomerk: units of the PDGF-BB fusion dimer, each of which will preferably be smaller than the entire 
241 amino acid PDGF-B precursor protein. These units may be identical, or they may slightly different. For 
examole it is possible to construct a PDGF-B,„B,o« fuston homodimer wherein one monomenc subunit is the 
119 amirio ackf form of PDGF-B and the other subunit is the 109 anino acid form of PDGF-B. It will typically 
he prefPrred but not es.^ntial. that the monomeric units of a PDGF-BB fusion homodimer begin about amino 
add 1 of and end between about amino acid 1 09 and amino acid 1 1 9 of the PDGF precursor protein. The coding 
sequencesforthedesired two monomenc subunits are thenlinkedtogetheratdesired locations, with or without 

* '"ThTV-s/s gene provides an excellent starting material for obtaining a precursor protein ew''"^ f*''"®"'* 
which can then be used to generate coding sequences for the desired monomenc subunits of a PDGF-BB fu- 
ston homodimer according to the present invention. For example, in the regfan coding for amino acrfs 1-119 
there are only five amino acid dif farencas bet ween the protein encoded by the v-sis gene and the c-s<s encoded 
PDGF-B precursor protein. Two of these five amino adds in the /-s/s gene can be altered by in vitro rnutagen- 
esis techniques to generate a DNA sequence coding tor a protein in which the tv« amino ackls are the same 
as the corresponding residues in the PDGF-B precursor protein. Amimber of methods for io v«ro mutageness 
^DNA can beutilizedfor introducing the desir«d changes in codons 101 and 107. Such methods are«.« known 
to those skilled in the art. For example, the method of Eckstein and '=°-'«»kers (Taylor af a/.. Nucl. Ac>dsRes 
13 8764-8785 (1985); Nakamae and Ed^stain. Nad. Adds Res., U. 9679-9698 (1986)). as descnl^ in the 
instruction booklet for the Amersham (Arlington Heights. Illinois) "Oligonudeotide-Directed Jn V»« Mutagen- 
esis System: kit. is particularly useful in com/erting the isoleucine residue at amino ac,d 101 to a threonine 
resWue, and the alanine residue at amino add 107 to a proline residue. k_ . 

Following in vitro mutagenesis of amino acids 101 and 107, the altered v-s« DNA may then be cut back 
at the amino tenninus with the restriction enzyme Sgfll. which cuts at a P«'«»" 

24 The upstream portion of the gene, including the f^st 24 amino ackls. may be restored by ligat«n of the 
downstream. BgHI-cut mutagenized v-sis DNA with a synthetic DNA fragment encoding: () an ATG 'ranslat«n 
iniLion c^onf (2) a serine^idue at amino acid 1 : and. (3) the remainder of the first 24 ammo acjd acids of 
the o-sis encoded precursor protein. In this way, two of the other three variant amino acds. i.e.. the senne 
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residue at amino acid 6 and the vafine residue at anino acid 7, will be converted to the human PDGF-B fornns 
(threonine and isoleucine. respeaively), with the upstream precursor amino acids encoded by v-sis being re- 
moved. 

If a PDGF-B mononrkeric unit longer than amino acid 113 of the PDGF-B precursor protein Is desired in the 

5 PDGF-B fusion dimer, the codon at amino acid position 114 of the v-sis gene must also t>d replaced with a 
codon coding for the appropriate amino acid in the PDGF-B precursor protein. This can t>e accomplished by 
cutting back from the cartwxy terminus of the nrrodified v-sis gene in a similar manner to that used to replace 
the codons for amino acids 101 and 107. If the PDGF-B form is desired as the second monomeric unit in 
the fusion dimer, the cart>oxy terminus can be replaced with a synthetic fragment that simultaneously alters 

70 amino acid 114 and raplaces amino acid 120 with a stop codon. In this case, the mutagenized v-sts DMA is 
preferably cut with the restriction enzyme Smat, which cuts at a position comesponding to air^no acid 112. A 
synthetic DMA fragment coding for amino acids 112-119 of the PDGF-B precursor protein, and a translation 
stop codon at position 120 may then l>c ligated to the Smal-cut mutagenizcd v-sts DNA. This synthetic DNA 
also encodes for a glycine residue, instead of a threonine residue, at amino acid 114. accomplishing the con- 

15 varfiion of tho fifth variant annino acid to ths corrdfipondtng amino acid in thd P[3GF-B pr»curfior protdtn. 

To create the PDGF-BB fusion homodimer of the present invention, coding sequences for any two desired 
PDGF-B monomeric subunits are I igated together, with or without a spacer sequence, to generate the complete 
fusion dinner coding sequence. The complete coding sequence is then ligated into an appropriate expression 
vector, such as pCFM1156, and then transformed or transfeded into an appropriate host cell system, preferably 

20 a bacterial host, such as E, coli. The N-terminal methionine may ba removed in vivo following synthesis in the 
host cell, although some E. co// strains fail to remove the N-terminal iT>ethionine, thereby producing a recom- 
binant product containing an additional amino acid residue at the amino terminus. 

The preferred host cell system for production of the fusion dimer of the present invention is a tiacterial 
host call, praferat^y E. coli In addition to the particular expression systems herein described, other systems 

25 are contemplated by the present invention and include, for example but without limitation, modification of the 
sites for protease cleavage, and/or use of an alternate leader sequence to increase the level of production of 
host cells of the fusion dimers of the present invention. 

The therapeutic application of biologically active fusion dimers of the present invention can t>e used for 
the treatment of many types of wounds of mammalian species by physicians and/or veterinarians. The amount 

30 of tMologic^ty active PDGF used in such treatments will, of course, depend upon the severity of the wound 
being treated, the route of administration chosen, and the specific actrvity or purity of the fusion dimer, and 
will be determined by the attending physician or veterinarian. The term "fusion dimer therapeutically effective* 
amount refers to the amount of fusion dimer, in the absence of other exogenously applied growth factors, de- 
termined to produce a therapeutic response in a mammal. Such therapeutically effective amounts are readily 

35 ascertained by one of ordinary skill in the art. 

The fiJ5Uon dimer produced in aocrtrdance with the pre.tent invention may t>e admin i<?tfirfiri by any route 
appropriate to the wound or condition being treated. Conditions which may ba beneficially traated with thera- 
peutic applicatjon(s) of PDGF fusion dimer include the aforementioned open dermal wound, dermal incisional 
woundd, and gadlroinledlinal incisional wound:!. PDGF fusion dimer tnay also be u^d in the Ifealing of bone, 

40 cartilage, tendons, ligaments, and epithelium (e.g., intestinal linings, stomach linings), and in glal repair. 

Preferatjiy, PDGF fusion dimer is applied exogenously to the wound. The exogenous application may be 
by a single application or dose, or by a repeated dose at multiple designated intervals. Compositions for exo- 
genous application of the PDGF fusion dimer of the present invention are readily ascertained by ona of ordinary 
skill in the art It will be readily appreciated by those skilled in the art that Che preferred route will vary with 

45 the wound or condition being treated. While it is possible for the PDGF fusion dimer to be administered as the 
pure or substantially pure compound, it is preferable to present it as a pharmaceutical formulation or prepara- 
tion. 

The formulations of the present invention, both for veterinary and for human use, comprise a therapeuti- 
cally affactive amount of PDGF as above dascribad, together with one or more pharmaceutical acceptable car- 

so riers therefore and optionally other therapeutic ingredients. The carrierts) must be "acceptatrfe* in the sense 
of being compatible with the other ingredients of the formulation and not deleterious to the recipient thereof. 
Desirat>ly, the formulation should not include oxidizing or reducing agents and other substances with which 
peptkles are known to be incompatitile. The formulations may conveniently k>e presented in unit dosage form 
and may be prepared by any of the methods well known in the art All methods include the step of tHinging 

55 into association the active ingredient with the carrier which constitutes on or nrore accessory ingredients. In 
general the formulations are prepared by uniformly and intimately bringing into association the fusion dimer 
with lit?uid carriers or finely divided solid carriers or both, v. 

The folk>wing examples are provided to aid in the understanding of the present invention, the trxje scope 
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of which ta set forth in the appended daims. It is understood that modifications can be made in the procedures 
set forth, without departing from tfie spirit of the invention. 

Example 1 

Construction of POGF-BnsCoding Sequence 

A PDGF-Bi 19 coding sequence, shown in F\q. 3. was constructed using the v-sts gene as a starting ma- 
terial. 

A. Convereion of Amino acids 101 and 102 

One microgram of the plasmid pceo, a clone of the simian sarcoma virus retroviral genome (Wong-Staal 
e/a/., Sct&nce, 213, 226-228 (1961)). was digested with restriction endonucleases SaA and Xi>al. with (he re- 
ftulting 1183 basd pair fragment than baing purifiad by eladrophoratic saparation in a low malting tamporatura 
agarose gel. in accordance with the procedures described by ManiaUs K$ofecuiar Ooning - A Laboratory 
Manual, Cord Spring Harbor Laboratory (1982). The purified fragment was then excised from the gel. At the 
same time. 0.2 jxg of M13mp19 DNA was also digested with Safl and Xbal. with the large 7245 base pair band 
l>eing similarly isolated from a low melting temperature gel. Both excised gel slices were melted at SS^C. and 
then cooled to Sr^C. Alt of the gel with the 7245 base pair Ml 3mp1 9 fragment and one fourth of the gel with 
the 1183 base pair v-sis fragnnent were mixed and ligated according to Struhl, Biotechfiiques, 3, 452-453 
(1985). The ligated DNA was transformed into £ co// K12 strain TG1. and a clear plaque was selected and 
grown in liquid culture. The presence of the 1183 base pair v-sis fragment in the M13mp19 vector was con- 
firmed by preparation of the RF form of th© phage DNA and restriction map analysis. Messing &taL, NucL Adds 
R&s., 9. 309-321 (1981). 

The Ml 3mp19/v-s/s phage thus obtained was grown In liquid culture, and the single stranded DNAisolated. 
Messing et al., ibid. This DNA was used as a template for ollgonucleotide-directed in vitro mutagenesis to con- 
vert the amino acids at residues 101 and 107 to the corresponding amino adds of PDGF-B. i.e., the ATAcodon 
coding for isoleudne 1 01 was converted to ACA (coding for threonine), and the GCT codon cod rig for alanine 
1C7 vms converted to CCT (coding for proline). 

Ten micrograms of the Ml 3mp19/i^-s/s single-stranded DNA was annealed with 8 pmol of a phosphoryfated 
oligonucleotide having the sequence: 

5' GGTCACAG5CCGTGCAGCTGCCACTGTCTCACAC 3' 

This sequence is homologous to nucleotides 42S3 to 431 6 of the v-sis gene (numbering system of Devare. 
ibid). The underlined bases of the oligonucleotide denote the changes from the v-sis to the human PDGF-B 
sequence. DNA synthesis was initiated on the mutant oligonucleotide, with the complete mutant strand being 
synthesized with the Ktenow fragment of E. coii DNA polymerase I using th ion ucleo tide triphosphates, followed 
by ligation with T4 DNA ligase. Any remaining single-stranded template M13mp1d/v^*s DNA was removed by 
filtration on nitrocellulose filtera. The non-mutant strand was nicked by incubation with restriction endonu- 
clease III. The nicked non-mutant strand was then repdymerized with the deoxynucleotide triphosphates, us- 
ing the mutant strand as a template. As a result both DNA strands in the final product contained the desired 
mutations. The DNA was transformed into E co^tKM strain TGI. Plaques were selected, grown in liquid cul- 
ture, and ths single-stranded DNA isolated. The DNA was sequenced by the melhod of Sanger ef at., Proc. 
NatL Acad. Sci. USA, 74, 5463-5467 (1977) to confinn that the desired mutants had been obtained. 

B. Conversion of Amino Acids 6 and 7 

In the next step, the 5* -end of the mutated i^s/sgane was replaced with a synthetic DNA fragment which 
changed amino acids 6 and 7 from the v sis to the human PDGF-B forms. This synthetic fragment also prx)vlded 
a translation-initiating ATG codon Imnrwdiately preceding the codon for serine 1 of human PDGF-B. as well as 
providing sequences for binding to £ co// ribosomes and a restriction site for ligation into the desired E. coh 
expression vector (described below). The synthetic DNA fragment was ligated to the BgUi site located al nu- 
cleotide 4061 of the v-sis gene (numbering system of Devare ei al., ibid). Because a Sgfll site which is present 
within the M13mp19 vector would complicate and interfere with this step, the mutated v-sis gene was first 
moved to the commercially available plasmid vector pUCIS. which does not contain a Sgfll site. The 
M13mp19/v-<s/s mutant RF DNA was rest ricted with Sa/I and BamH1 . and the resulting 1193 base pair fragment 
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isolated by elect rophoresia using a low melting temparature agarose gel. This fragment was Itgated to the plas- 
mid pUC18 which had also been restricted with Sail and 8amH1. The ligated DNA was transformed into the 
commercially available E coH K1 2 strain DH5 and transforn«nts were selected by growth in the presence of 
ampicillin. Colonies were selected, grown in liquid culture, and isolated plasmid DNA analyzed by restriction 

5 mapping for the presence of the v-sis insert. 

The pUC18/v^»5 mutant DNA was restricted with HindWl which cuts In the polylinker of pUC1S just up- 
stream of the mutated v-sis insert, and with Sg/ll, which cuts within the v-sis DNA at nucleotide 4061 (Nun> 
bering system of Devare et al., ibid) corresponding to amino acid number 24 of the mature protein product 
The large 3365 base pair fragment resulting from this reaction was isolated by electrophoresis in a tow melting 

10 temperature agarose gel. This fragment was ligaled to a synthetic double-stranded DNA fragment having tha 
following sequence: 

3 • AGCTTCTAGAAGGAGGAATAACATATGTCTCTGGGTTCGTTAACCATTGCG- 
'5 3 • AGATCTTCCTCCTTATTGTATACAGAGACCCAAGCAATTGGTAACGC- 

-GAACCGGCTArGATTGCCGAGTGCAAGACACGAACCGAGGTGTTCGA 3 ' 

^ -CTTGGCCGATACTAACGGCTCACGTTCTGTGCTTGGCTCCACAAGCTCTAG 5 ' 

This synthetic DNA fragment contains a HmdIII "sticky' end at its upstream (left) end and a Bgi\\ "sticky" 
end at its downstream (right) end. In addition, an X£ial site (TCTAGA) is present within the synthetic DNA just 

25 downstream of the Hind\\\ 'sticky' end, which allows subsequent restriction with XbaA for ligation into the Xbal 
site of an expression vector described betow. The ligated DNA was transfonmed into E. cofi K12 strain DH5, 
with transfbnnants being selected by growth on ampkiillin-oontaining medium. The plasmid DNAs from result- 
ing coksnies were analyzed by restriction mapping for the presence of the synthetic DNA fragment At this point 
the pUC1B/v-s/s construction contained a mutated v-sis gene, with amino add numtwr 6. 6, 101, and 107 

30 changed to the human PDGF form, and fes 5' -end altered to begin translation with an ATG codon immediately 
preceding serine 1. 

C. Conversion of Amino Acid 114 and Placement of a Stop Codon at Amino Add 1 20 

35 In the next step, the codon for amino acid number 114 was changed from ACT to GGT, resulting in the 

substitutkm of gtyctne for threonine in the final protein product In addition, codon number 120. in which GCC 
codes for alanine in v-s/s. was changed to TAA, a translation terminatwn codon. The resulting protein product 
of this constructksn ends with the arginine at residue 1 1 9. Both of the changes were accomplished in one step 
by insertion of a synthetk: DNA fragment after a Smal site located within codon number 112. 

40 The pUCIfi/v-s/s mutant DNA generated above was restricted with Smal, which cuts at nudeotkJe 4324 

in the v-sis sequence (numbering system of Devare el s/., ibiti), and with EcoRI, which cuts in the polylinker 
of pUC16 just downstream of the v-s/s insert A small fragment (510 base pairs) between the Smal and £coRI 
sites, coding for the C-tefminal portion of the v-sis protein and a 3'- untranslated sequence, was removed by 
electrophoresis on a low melting temperature agarose gel. The large fragment (about 3530 base pairs) was 

45 ligated to a synthetk: DNA fragment having the following sequence: 

5* GGGGGGTTCCCAGGAGCAGCGATAAG 3' 
3' CCCCCCAAGGGTCCTCGTCGCTATTCTTAA 5* 

50 

The GOT codon coding for Ihe new glycine residue at positton 114 and the TAA termination codon intro- 
duced at position 120 are underlined above. This synthetic ONAfragnoent contains a bluni end at its upstream 
(left) and for ligating to the Wunt end created by restrictkin of the v-sis mutant sequence with Smal. and an 
EcoRl "sticky" end at its downstream (right) end for ligating to the EcoRI end created by restriction of the pU 01 8 
55 polylinker with £coRI. The ligated DNA was transformed into E. coB K12 strain DH5. with Iransformants being 
selected by growth on amplcillin-containing medium. The plasmid DNAs fmm resulting colonies were analyzed 
for the presence of Ihe synthetic DNA fragment by reatriclkxi mapping. 
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Example 2 

Constnjction of POGF-Bipg Prectirsor Coding Sequence 

APDGF-Bioapi^ursor coding s©qu&nce, shown in Fig. 4 and containing amino acids -84 to -1 of the pre- 
pro region of PDGF-B precursor protein and the farst 109 amino acids of (he mature PDGF-B sequence, wag 
constructed using a con*inaticn of naturally occurring and synthetic nudeic acid sequences, with the naturally 
occurring v-sis gene being employed as a starting material. 

Specifically, the PDGF-Biog precursor coding sequence was derived as follows. The DNAf rom nucleotides 
1 to 9a was a synlhellc DMA fragment wherein nucleotides 1 to 5 coded for a Safl restriction site (for use in 
ligation of the completed coding sequence into a plasmid vector), and nucleotides &-98 exactly matched the 
region of human PDGF-B starting with the translation-initiating ATG at amino acid -81, and ending with an in- 
frame Sad restriction site at amino acid -55. 

The DNAfrom nucleotides 99 to 220 was derived from a Sac\ to BstXl fragment from the pre-pro region 
of V'Sis (nuctootidofi 3fi33 to 3953 of simian fiarcfima virus, Devara ei a/., /tofd) corrosponding to amino acids 
-54 to - 13 of the PDGF-B pre-pro region. The sequence from nudeoUde 221 to 269 was derived from a synthetic 
DNA fragment with a BsiXl site at its upstream and a Hpal half-site at its downstream ends, which encoded 
the amino acid sequence of the hisnan PDGF-B precursor protein from amino acid -12 to +5. The sequence 
from nucleotide 270 to 326 was derived from a synthetic DNA fragment, with a Hpa\ half-site at its upstream 
end and a fig/11 atta at its downstraam end, which encoded the amino acid sequerca of the human PDGF-B 
protein from amino acid +6 to amino acid +24. The sequence between nudectides 327 and 1087 was derived 
from a Bgl\\ to Xba\ fragment of v-sis (nucleotides 4225 to 4820 of simian sarcoma virus, Devare ei al., ibid) 
corresponding to amino acids +25 to +160 of human PDGF-B. as well as the entire 3'-untranslated region. The 
sequence of this latter v-3i& fragment was altered by k) vitro mutagenesis (as described earlier in Example 1 
with respect to the PDGF-Buft coding sequence) to convert nucleotide 557 from T to C, thereby converting 
isoteucine-101 of v-^s to threonine as in human PDGF-B, and to convert nucleotide 574 from G to C, thereby 
converting alanine- 107 of v-sis to proline, as in human PDGF-B. tn vitro mutagenesis was also used to convert 
nudeotide 583 from C to T, nudeotide 586 from A to T, nudeotide 587 from G to A, and nucleotide 588 from 
C to A, thereby creating two tandem translation tenmination codons after amino acid 109 of PDGF-B. 

The composite DNA sequence encoding the PDGF-B precursor protein {PDGF-B,o9 preceded by the entire 
pre-pro region of the PDGF precursor protein) was cloned as a Saf\ to Xba\ fragment into the commercially 
available plasmid pGEM3. The pGEM3 plaanid contains a Sad restriction site just downstream of the Xbal 
site. The pGEM3/PDGF-Bi(M/precursor plasmid was used as a source for a Sad to Sad fragment, encoding 
amino acids -54 to -1 of the PDGF-B pre-pro region, amino acids 1 to 109 of the mature PDGF-B protein, and 
ttie 3'-untranslated RNA sequence of v-sis, in constructing the PDGF-B fusion dimer DNA sequence, as de- 
scribed in Example 3. below. 

Example 3 

Construction of PDGF-B ng^pcQ/ipg Plasmid in pUCIS Vector 

A. Insertion of PDGF-Bno coding sequence plus synthetic joining-linker into pUC18 

The PDGF-B(i9 coding sequence from Example 1 and the PDGF-B109 coding sequence from Example 2 
were linked together through a spacer coding sequence to form a coding sequence for a PDGF-B„c3io5, ius\on 
honx>dimer. 

The precursor vector containing the PDGF-Bi,o coding sequence was bacteriophage M13mpl9. The sin- 
gle-stranded coding sequence was made double stranded by a standard in vitro reaction utilizing the Klenow 
fragnr>entof ^. co/i DNA pdymerase I. This double-stranded coding sequence was digested with tha restriction 
enzymes Xhal and Smal to release an approximately 380 base pair insert containing the PDGF-B, ,9 coding 
sequence up to the Sma^ site at amino acid 112. Thus, the DNA encoding the last 7 amino acids was absent 
in this DNA fragment The fragment was purified by electrophoresis through and extraction from a Seapiaque 
brand low-melting temperature agarose gel. The isdated PDGF-B,ie DNA fragment was mixed with a synthetic 
DNA linker containing a Wunt-end Smal half-site al its upstream end. and a Sad adapter site at its downstream 
end. The linker itself encoded amino acids 1 1 3-1 19 of the PDGF-B, „ monomeric unit plus amino acids number 
-54 and -53 of the pre-pro region of the PDGF-B precursor protein. The PDGF-B, ,9 DNA fragment plus the 
linker were ligaled into the vector pUCl8 which had been cut with Xba\ and Sad. The ligated DNA was trans- 
formed into E CO// K-12 strain DHScu <See Fig. 2.) 
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Plasmid DNA was iaolatod from aeveraf of the raaulting transformant cofonies, and the DMA inserts ware 
analyzed by agarose gel electrophoresis. One ptasmid with the correct insert was identified and utilized for 
the next step. 

5 B. Insertion of the coding sequence for the spacer moiety and RDGP-Bioft subunit downstream of PDGF- 
Bno subunit coding sequence and the linker 

A DNA segment encoding theanrrinoadds number-52to-1 of the pre-pro region of the PDGF-B precursor 
protein, plus amino acids number 1-1 09 of the mature PIX5F-B sequence {PDGF-B109), followed by two trans- 

10 lation stop codons and the 3'-untran6lated sequence of the v-sis gens, was inserted into the above construct 
at the Sad site. This was accomplished by first linearizing the above pUC18 construct containing the DNA en- 
coding PDGF-Bi,9 and the linker with Sac\. Next a plasmid (pGEM3/FDGF-Bio9/precijrscr) containing DNA 
coding for the entire F*OGF-B precursor protein (with two stop codons following amino acid 109, so that the 
protein translation product was terminated after amino acid 109) was restricted with Sadl. This restriction re- 

is Idasod a 1010 bas» pair fragment whose upstream end began with the codon for amino acid number -52 of 
the pre-pro region of the PDGF-B precursor protein, followed by the remainder of the protein coding region 
and the 3'-untranslated region, and whose downstream end contained part of the multiple cloning site of 
pCEM3. This fragment, encoding part of the pre-pro region of PDGF-B precursor protein as wetl as the 109 
amino acid form of mature PDGF-B, was ligated into the Sad-cut pUC18/PDGF-Bna construct described in 

20 Part A of this example. The ligation mixture was transforrrod into E. coii strain DHSo, and plasmida from ro- 
sutttng colonies were analyzed by restriction analysis with the enzyme Sg/ll. (See Fig. Z) 

Example 4 

25 Expression of PDCF-BugBioa Fusion Dimerin E. cot/ 

The insert in ptJC18 described in Example 3, coding for the PDGF-BngBiog fusion dimer with a pre-pro 
spacer, was removed from pUC18 by restriction with X6al. The 1369 base pair Xbai fragn^nt was purified by 
electrophoresis on a Seaplaque low-melting temperature agarose gel, and ligated into the E. caii expresswn 
30 vector pCFM1156. The plasmid pCFM1156PL Is prepared from the known plasmid pCFM836. The preparation 
of plasmid pCFM836 is described in U.S. Patent No. 4.710,473. the relevant portions of the specification, par- 
ticularly examples 1 to 7, are hereby incorporated by reference. To prepare pCFM1l56 and pCFM836. the two 
endogenous Ndei restriction sites are cut. the exposed ends are filled with T4 polymerase, and the filled ends 
are blunt-end ligated. 

35 The resulting plasmid is then digested with C/al and Kpn\ and the excised DNA fragment is replaced with 

A DNA oligonucleotide of the frillowing sequence: 



45 



C-^^I Kpnl 
CGATTTGATTCTAGAAGGAGGAATAACATATGGTTAACGCGTTGGAATTCGGTAC 
TAAACTAAGATCTTCCTCCTTATTGTATACCAATTGCGCAACCTTAAGC 



The PCFM1155 vector contains a region for Insertion of foreign genes Detween an upstream XOa\ site and 
one of a number of downstream restriction sites. In this case, just the Xbat site was utilized. 

The ligation mixture was transformed into E co// strain FM-5 (ATCC NO. 57545). and transformants were 
analyzed by restriction mapping. A clone containing the insert fragment in the correct orientation was identified. 
The DNA insert present in this plasmid was subsequently sequenced, and the observed sequence matched 
the expected sequence coding for the protein in Fig. 1 . 

The final expression plasmid contained an inserted DNA sequence which codes for a protein that begins 
with an initiating methionine, followed by amino acids 1-119 of the human PDGF-B sequence, followed by a 
spacer of amino acids -54 to -1 of the pre-pro region of the human PDGF-B precursor protein sequence, fol- 
lowed by amino acids 1-109 of the human PDGF-B sequence. The procaryotic £ co// host cells removed the 
N-terminal methionine after synthesis, so that the final protein produced corresponds to the PDGF-B, i^Bion 
fusion homodimer having e spacer <^ 54 amino acids. 



11 



EPO 618 227 A1 



^-r r^fh for the PDGF-B„^,o, fusion dimer was grown in liquid cul.ure at 

30 C for 2 hours, and then switched to the induction temperature of 42«C for4 hours. Aliquots of the cells before 
and after induction were lysed by boiling in SDS. and proteins were analyzed by SDS gel electrophoresis fol- 
lowed by sla.n.n9 with Coomassie Blue dye. A band of approximately the right predicted size (31Kd) for the 
PDGF-B, „B,M fusion dimer was observed in the lane derived from cells after induction, which was not present 
m the lane from uninduced cells. Proteins were transferred from the gel to a nitrocellulose membrane via a 
Western blot procedure, and the blot was analyzed by incubation with an antibody to PDGF-B The new orolein 
in the induced cells containing the PDGF-B,„B,o9 fusion dimer plasmid specifically reacted with the antbodv 
confirming thai this protein was in fact the PDGF-B, „B,„ fusion dimer. 

Example S 

l^itogenic Activity of Unpurif ied PDGF-B, 19B1M Fusion Dimer 

AB a first last for potential mitog.nic activity of .he PDGF-B„^,„ fusion dimer. E. coff cells expmssioq 
the protein were lysed in a Frerx* press. The inso(uble material, which included rrwst of the PDGF-B„^I! 
Vision dimer protein, was pelleted by centrifugation. The pellet was solubilized in 0,8 n< of 6 M guanidine HQ 
the,, diluted »,to ami ofSO mM Tris HQ. pH 8.0. It was esUmated by dectrophoretic analysis that this^rnple 
coritained about 30 MgMH of the PDGF-B.,»B,o, fusion dimer This material was analyzed at several cJ^Z 
tral.ons for mitogenic stimulation of NRK f ibroWaals. A doae-dependeni stimulation was observed with max- 
.muni stimulation occurring at a PDGF-B„^,„ fusion dimer dose of approximately 34 ng/ml. This was the 
irst demonstration that the protein was biologically active, and even when -folded" by this crude procedure 
the level of activity was comparable to that of wild-type PDGF-BB. 

Example 6 

Purificaiion and Refolding of PDGF-B.. aB,oa Fusion Dimer 

Cells from ths E. co* fermentation medium of Example 5, containing PDGF-B,,^ fusion homodirner 
were punned ,n two batches. In both cases, the cells were first suspended in about 10 volumes (wet 
weightA/oKime) of water, and then passed three times through a Gaulin homogenizer of 9000 psi. The homo- 
geniMd cells were then centrifuged at 5000 x 9 for 1 hour at 4=C, and the supernatant discarded 
■ c L precipitate (inclusion bodies containing PDGF-8„3,„. fusion homodimer) was suspended 

in 6 M guanidin^HCI, 1 00 mM Tris chloride. pH 7.5 at a volume of abo^t 60% of the volume of water uVed for 
the first cell suspension, p-mercaptoethanol was added to a concentraUon of about 0 08% (v^) and the sus- 
pensjon mixed for 90 minutes at :^mhient temperature. Five volumes «f water were .slowly add^ ovw about 
1 5 minutes, mixing continued for about 16 hours at ambient temperature. Water was slowly added to brino the 
fltianjdine-HCI concentration to 0.6 M. The pH was adjusted to about 3.5 with acetic acid and mixed at 40c for 
about 3 hours. The suspension was then centrifuged al 1 7,700 a g for 1 5 ininules at 4»C to clari fy the mixture 
The resulting supernatant was then loaded onto an S-Sepharose® column (Pharmacia Biotech. PIscataway' 
New Jersey) equilibrated with 0.1 M sodium acetate, pH 4. The loaded column was washed with- (1) 20 mM 
sod,«n phosphate, pH 7.5; then (2) 20 mM sodium phosphate, pH 7.5, 0.1 M sodium chloride: and'then (3) 20 
mM sodium phosphate, pH 7. 5. 1 .0 M sodium cMorida. ^ ' 

Thefractions in the last wash, containing the PDGF-B„»B,o» fusion homodimer, were pooled and applied 
to an immunoaffmity column containing a monoclonal antibody recognizing PDGF-BB. The loaded affinity col- 
■ -^^ " Tris-chloride. pH 7.5: and then (2) 0.5 M sodium chlor- 

lae. PDGF.B„«B,„ fusion homodimer was than eluted with 1 M acetic add, 0.15 M sodium chloride and con- 
centrated over an Amicon®-YM1 0 (Amicon. Beverly. Massachusetts) membrane solvent-exchanged with wa- 

The PDGF-B„9B,o9 fusion homodimer was then applied to a polysutfoethy) aspartamide column (The Nest 
Group. South Boro, Massachusetts) and developed with a linear gradient of 0 to 1 M sodium chloride in 20 
mM sodium phosphate, pH 6.8. Those fractions containing the PDGF fusion dimer were pooled concentrated 
and then exchanged into 10 mM sodium acetate, pH 4/0.15 M sodium chloride. 
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Example 7 

Mitpgenic Activity of Purified and Folded PDGF-Bn93n>9 Fusion Dimer 

The f H-st batch of purified POGF-B, ,98,09 fusion dimer from Example 6 was assayed for mitogenic activity 
on NRK cells, and was found to have activity similar to that of wild-type PDGF-BB. 

The second batch of purified PDGF-Bn^Bi^ fusion dimer from Example 6 was analyzed by gel electro- 
phoresis and for mitogenic activity on NRK cells. The protein ran as a dimer of approximately 31 Kd before 
and after reduction, indicating that the protein is a true fusbn dimer. as shown in Fig. 5 The dose-response 
curves in the NRK mitogenic activity assay of the PDGF-Bi ,^8,03 fusion dimer and of wild-type PDGF-BB hom- 
ed in>er were very similar, as shown in Fig. 6. 
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oBOUEMCE LISTING 
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(1) GENERAL INFORMATION: 



(i) APPLICATTT: 

(A) NAME: 'amGEW INC. 

(B) STREET: 1840 Dehavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATS: California 

fSi COUNTRY: United States of America 

(F) POSTAL CODE (SIP) ; Sl320-i7a9 

(G) TELEPHONE: 8 05-499-5 72 5 

(H) TELEFAX: 805-499-8011 

Hi) TITLE OF iNVEJO-lONr Biologically Active Poli-peptide Fusion Dimers 

NUMBER OF SEQUENCES: 11 

{iv) COMPUTER READABLE FORM: 

(a;- medium T-fPE: Floppv disk 
(B) COMPUTER: IBM PC cbmpaticle 

iC) OPERATItJG SYSTEM: PC-DOS /MS-DOS 

(D] SOFTWARE: PatentIn Release #1.0, version #1.25 (EPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 

;i ) SEOUENCE CHAPJVCTSRISTICS : 
tAJ LENGTH: 9 8 base pairs 
iB] TYPE; aucieic acid 
IC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xij SEgUENCE DESCRIPTION: SBQ ID NO; 1: 

AGCTTCTAGA AGGAGGAATA ACATATtSTCT CTGGGTTCGT TAACCATHK: GGAACCGGCT 60 

ATGATTCCCG AGTVJCAAGAC ACGAACCGaG G'i'G-lTCaA gg 

{!) INFORMATION FOR SEQ ID NO.- 2; 

fi) SEQtTENCE CHARACTERISTICS: 

(A) LENGTH: 9 8 base pairs 

(B) TYPE: nucleic acid 
to STRANDEDNBSS : single 
(D) TOPOLOGY: linear 

(jci) SEQUENCE DESCRIPTION; SEQ ID MO: 2: 

GATCTCCAAC ACCTCGGTTC rrrGTCTTGCA CTCGG-CAATC ATAGCCGGTT CCGCAATO'JT 60 

TAACGAACCC AGAGACATAT GTTATTCCTC CTTCTAGA 93 
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(4) INFOP^^ATION FOR SEQ ID ,V0 : 3: 

(i) SEQUSNCE CHARACTERISTICS: 
(A.) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRAIODEDNESS: single 

(D) TOPOLOGY: linear 

txi) SEOUENCE DKSCRIPTrON; SEQ ID NO; 3: 
GGGGGGTTCC CAGGAGCAGC GATAAG 26 

(51 INFORMATION FOR SEQ ID NO: 4: 

<i) SEQOENCE CHARACTBRISTIC3 : 
(AJ LENGTH: 30 base pairs 
{B: TYPE: nucleic acid 

(C) STRANDEDNESS : sincle 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DSSCRIPTION: SEQ ID HO: 4: 
AATTCTTATC GCTGCTCCTG GGAACCCCCC 30 

iC) 1NF0RMA.TI0N FOR SEQ ID MO: 5: 



(i) SEQUENCE CHARACTER rSTTCS r 
(a: LENGTH: 55 base pairs 
20 {B) TYPE: nucleic acid 

fC) STRANDEDr^BSS : single 
(D; TOPOLOGY: linear 

(xi) SEQUENCB DESCRIPTION: SEQ ID NO: 5: 

35 ccA-rrTGAn* ctagaaggag gaataacata tggttaacgc gttggaattc ggtac ss 

( 7 } I^rFCR^IATICM FOR SBQ ID NO : 6 ; 

(i.) SEQUENCE CHARACTERISTICS: 

^ fA) LENGTH: 49 base pairs 

^ (Bi TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBO ID NO: 6: 
45 OGJ-ATTCCAA CGCGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 49 



50 



15 



EP 0 618 227 A1 



(8) INFORMATION FOR SEQ ID NO ; 7: 

<i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 387 base pairs 

(B) TYPE: nucleic acid 
CC) STRANDBDNESS: douJDle 
(D) TOPOLOGY: linear 

(Ix) FEATURE: 

(A) NAME/ KEY: CDS 

(a> LOCATION: 20. .379 

(Xi) SEQUENCE DESCRIPTION: 33Q ID NO : 7: 

CTAGAAGGAG GAATAACAT ATG TCT CTG GGT TCG TTA ACC ATT GCG GAA CCG 
Met Ser Leu Gly Ser Leu Thr lie Ala Glu Pro 
^ 5 10 

GCT ATG ATT GCC GAG TGC AAG ACA CGA ACC GAG GIG TTC GAG ATC TCC 
Ala Met He Ala Glu Cys Lys Thr Arg Thr Glu Val Phe Glu lie Ser 
15 20 25 

CGG CGC CTC ATC GAC CGC ACC AAT GCC AAC TTC CTG GTG TGG CCG CCC 
Arg Arg Leu He Asp Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Pro 
3C 35 4^ 

vl? ^^'^ '^^^ GGC TGT TCC AAC AAC CGC AAC GTG 

Cys Va^ Glu /al Gin Arg Cys Ser Gly Cys Cys Asn Aen Arg Asn Val 
-15 50 S5 

CAG TGC OGG CCC ACC CAA GTG CAG CTG CGG CCA GTC CAG GTG AGA AAG 
Gin Cys Arg Pro Thr Gin Val Gin Leu Arg Pro val Gin val Arg Lvs 
«0 65 70 75 

ATC GAG ATT GTG CGG AAG AAG CCA ATC TTT AAG AAG GCC ACG GTG ACG 
lie Glu He Val Arg Lys Lys Pro lie Phe Lvs Lys Ala Thr Val Thr 
30 35 ' 90 . 

CTG GAG GAC CAC CTG GCA TGC AAG TGT GAG ACA GTG GCA GCT GCA CGG 
Leu Glu Asp His Leu Ala Cys Lys Cys Glu Thr Val Ala Ala Ala A-q 

100 105 

CCT GTG ACC CGA AGC CCG GGG GGT TCC CAG GAG CAG CGA TAAGAATT 
Pro Val Thr Arg Ser Pro Gly Gly Ser Gin Glu Gin Arg 
11<J lis 120 



(9) INPORMATIOM FOR SEQ ID NO : 8: 

(1) SEQUENCE CHARACTERISTICS: 
iAJ LENGTH: 120 amino acids 
(BJ TYPE: amino acid 
(D; TOPOLOGY: linear 

lii) MOLECULE TYPE: protein 

(xi) SEOUBNCE DESCRIPTION: SEQ ID NO: 8: 
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5 



20 



Met Ser Leu Gly Ser Leu Thr lie Ala Glu Pro Ala Met lie Ala Glu 
15 10 15 

Cy3 Lys Thr Arg Thr Glu Val Phe Glu lie Ser Arg Arg Lpu lie Asc 
20 ^ 25 io 

Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cys Val Glu Val Gin 
35 40 45 

Arg Cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin Cys Arq Pro Thr 
50 55 to 

Gin val Gin Leu Arg Pro Val Gin Val Arg Lys ris Glu lie Val A-g 
65 70 75 io 

Lys Lys Pro He Phe Lys Lys Ala Thr Val Thr Leu Glu Agc Hie Leu 

85 90 gc 

Ala Cys Lys Cys Glu Thr val Ala Ala Ala Arg Pro val Thr Arci ser 
iao 105 110 

Fro Gly Gly Ser Gin Glu Gin Arg 
115 120 

(10) INFORf^ATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHAaACTERlSTXCS : 

fA) LENGTH: 56 8 base pairs 
(3) TYPE; nucleic acid 
(C) STRANDEDNBSS : double 
{□) TOPOLOGY: linear 

•:ix) FEATURE: 

(A) NAMK/KEY: CDS 

fB> LOCATION: 13.-5 82 

(Xi) SEQUENCB DBSCRIPTION: SEQ ID NO : 9: 

TCGACAGTCG GC ATG AAT CGC TGC TGG GC3 CTC TTC CTG TCT CTC TGC 48 
Met Asn Arg Cys Trp Ala Leu Phe Leu Ser Leu Cys 
^ 5 10 

TGC TAC CTG OGT CTG GTC AGC GCC GAG GGG GAC CCC ATT CCC GAG GAG 96 
Cys Tyr Leu Arg Leu Val Ser Ala Glu Gly Asp Pro He Pro Glu Glu 
15 20 25 

CZC TAT AAG ATG CTG AGT GGC CAC TCG ATT CGC TCC TTC GAT GAr CTC 14 4 

Leu Tyr Lys Met Leu Ser Gly His Ser lie Arg Ser Phe Asp Asp Leu 
30 35 40 

CAC CCC CTG CTC CAG CGA GAC TCC GGA AA.\ GA-\ GAT GGG GCT GAG CTG 19 0 

G^n Arg Leu Leu Gin Gly Asp Ser Gly Lys Glu Asp Gly Ala Glu L-^u 
45 50 55 60 

GAC CTG AAC ATG ACC CGC TCC CAT TCT GOT GGC GAG CTG GAG AGC TTG 24 0 

Asp Leu Asn Met Thr Arg Ser His Ser Gly Gly Glu Leu Glu S^c Leu 
65 70 75 
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5 



25 



30 



140 



238 



L,CT CGT GG'G AAA AGG AGC CTG GGT TCG TTA ACC ATT GCG GAA CCG GCT 
Ala Arg Gly Lys Arc Ser Leu Gly Ser Leu Thr lie Ala Glu Pro Ala 
90 85 90 

ATG ATT GCC GAG TGC PiAG ACA CGA ACC GAG GTG TTC GAG ATC TCC CGG 
Met lie Ala Glu Cys Lys Thr Arg Thr Glu Val Phe Glu He Ser Ara 
95 100 105 ^ 

CGC CTC ATC GAC CGC ACC AAT GCC AAC TTC CTG GTG TGG CCG CCC TGC 334 
Arg Leu lie Asp Arg Thr Asn Ala Asn Phe Leu Val Trr Pro Fro Cvs 

115 12Q ^ 

vl? r^^ ^ '^^^ ^^'^ AAC CGC AAC GIG CAG 

val Glu val Glu Arg Cys Ser Gly Cys O/s Asn Asn Arg Asn Val Gin 

l^b Tin -i->rr _ 



432 



1^5 130 135 

TGC CGG CCC ACC CAG GTG CAG CTG CGG CCA GTC CAG GTG AGA AAG A^C 4 80 

Cys Arg Pro Thr Gin Val Gin Leu Arg Pro Val Gin Val Arc Lys lie 
145 150 155 

GAG ATT GTG CCC AAC AAC CCA ATC TTT AAG AAG GCC ACG GTG ACG CTG =28 
Glu He Val Arg Lys Lys Pro lie Phe Lys Lys Ala Thr Val Thr Leu 

1^0 155 

GAG GAC CAC CiG GCA itiC AAG TGT GAG ACA Gili GCA GCL* GCA CCl =7b 

Glu Asp HLS Leu Ala Cys Lys C/s Glu Thr Vai Ala Ala Ala Arg Pro 
I'S 130 IBS 

CTC ACC TGATAA 
Val Thr 
190 



(IX) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LEl^GTH: 190 aaciino acids 
(EJ TYPE; amino acid 
(D; TOPOLOGY: linear 

(ii) r^LBCULE TYPE: procein 

(xi) SEQUENCE DESCRIPTION: SEQ ID IK); 10: 



Met Aan Arg Cys Trp Ala Leu Phe 
1 5 

45 Leu Val Ser Ala Glu Gly Asp Fro 
20 

Leu Ser Gly His Ser lie Arg Ser 
35 40 

SO Gin Gly Asp Ser Gly Lys Glu Aep 
50 55 



Leu ser E^u Cys Cys Tyr Leu Arg 
10 15 

lie Pro Glu Glu Leu Tyr Lys Met 

25 30 

Phe Asp Asp Leu Gin Arg Leu Leu 
45 

Gly Ala Glu Leu Asp Leu Asn Met 

60 
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Thr Arg Ser His Ser Gly Gly Glu L^u GIu Ser Leu Ala Ar^ Gly Lys 



SO 



Ar. ser Leu Gly Ser Leu Thr He Ala Glu Pro Ala Mec He Ala Glu 
85 90 95 

Cys Lys Thr Arg Thr Glu Val Phe Glu lie Ser Arg Arg Leu He Asp 



Azrg Thr A«n Ala Asa Phe Leu Val Trp Pro Pro Cys Val Glu Val GTn 

120 2.25 

" 130 ""^^ ''^'^ ''^'^ tfc ^° Cys Arg Pro Thr 

Gin val Gin Leu Arg Pro Val Gin Val Arg Lys He Glu lie Val Arg 
150 isg 

^ Lys cys Pro He Phe Ly3 Lys Ala Thr Val Thr Leu Glu A.p His Leu 

Ala Oy^ Lys Cy^ Glu Thr Val Ala Ala Ala Arg Pro Val Thr 
^30 185 

25 

U2) INFORMATIOK FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 232 amino acids 
^ CB) TYPE: amino acid 

iC) 3TRAND:ED*JESS : single 
(D) TOPOLOGY; ujiknowr. 

(ii) MOLECULE TYPE: protein 

35 (xi) SEQUENC2 DESCRIPTION: SEQ ID NO: 11: 

Ser Leu Gly Ser Leu Thr He Ala Glu Pro Ala Met He Ala Glu Cys 

Lys Thr Arg Thr Glu Val Phe Glu Tie Ser Arg Arg Leu He Asp Arg 
40 -tfU 25 2Q 

Thr Asn Ala Asn Phe Lau Val Trp Pro Pro Cys Val Glu Val Gin Arg 

,5 cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin Cys Arg Pro Thr Gin 

^ SO 
val Gin Lau Arg Pro Val Gin Val Arg Lys lie Clu He Val Arg Lys 

Lys Pro He Phe Lys Lys Ala Thr Val Thr Lou Glu A.^p His Leu Ala 
" 90 95 

Cy3 Lys Cys Glu Thr Val A^a Ala Ala Arg Pro Val Thr Arg Ser Pro 
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Giy Gly Ser Gin Glu Gin Arq 
115 ^ 

Ser lis Arg Ser Phe Asp Asp 

Gly Lys Glu Asp Gly Ala Glu 

Ser Gly Gly Glu Leu Glu Ser 
1€3 

Ger Lftu Thr He Ala Glu Pro 
180 

Thr Glu Val PhG Glu He Ser 
195 

Asn Phe Leu Val Trp Pro Pre 
210 

Cys Cys Asn Asn Arg Asn Val 
225 230 

Ai-y Pre Val Gla VaX Arq Lys 
245 

Fhe Lys Lys Ala Thr Val Thr 
260 

Glu Thr Val Ala Ala Ala Arq 
275 



Glu Leu Tyr Lys Mec Leu Ser Gly His 
125 

Leu Gin Arg Leu Leu Gin Gly Asp Ser 
140 

Leu Asp Leu Asn Met Thr Arg Ser Hi^ 

Leu Ala Arg Gly Lys Arg Ser Leu Gly 
170 

Ala Met lie Ala Glu Cys Lys Thr Arg 
185 150 

Arg Arg Leu He Asp Arg Thr Asn Ala 

-dOO 205 

Cys Val Glu Val . Gin Arg Cyc Ser Giv 
220 

Glr- Cys Arg Pro Thr Gin Val Gin Leu 
235 240 

lie Glu He Val Arg Lys Lys Pro 11^ 

255 

Leu Glu Asp His Leu Ala Cys Lys O/s 
265 270 

Pro Val Thr 
280 
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Claims 

1. A biologically active protein comprising two or more polypeptide subunits of a naturally occurring mulli- 
menc protein wherein said subunits have been incorporated into a sln^e continuous polypeptide! 

^ VZ.^T'^^^^^ ^"^"^^ ^ °f polypeptide subunits is a meinber of the 

rDC3F family. 

3. The biologically active protein of daim 2 wherein each of said polypeptide subunits comprises an amino 
acid sequence selected from the group consisting of PDQF-A. PDGF-B, VEGF. and PLGF amino acid se- 
quences. 

4. The biologically active protein of daim 3 wherein each of said polypeptide subunits comprises an amino 
acid sequence selected from the group consisting of PDGF-A and PDGF-B amino acid sequences. 

5. The biologically active protein of daim 4 wherein each of said polypeptide subunits is a human PDGF-B 

sequence. 

6. The biologically active protein of daim 1 wherein said subu nits are separated f roin each other bv a soacer 
moiety. ' ^ 

V^^l'^''^"^ ^""''^ °' ^ "'"^^'^ °f polypeptide subunits is a member of the 

PDGF family. 

9. Th« Uiok;9i«illy «a.-v« pr*.tei„ uf U«i,r, 7 wherein e«U. uf ^tuO pulyp^lkJe sybm.it^ cu.npri«^^ «„ «„m,u 
acid sequence selected from the group consisting of PDGF-A, PDGF-B, VEGF. and PLGF amino acid se- 
quences. 

9. The biologically active protein of daim 8 wtierein each of said polypeptide subunits comprises an amino 
acid sequence selected from the group consisting of PDGF-A and PDGF-B amj'no acid sequences. 

10. The biologically active protein of daim 9 wherein each of said polypeptWe subunits is a human PDGF-B 
sequence. 

11. The biologically active protein of claim 1 0 wherein one of said polypeptide subunits is PDGF- B.oo and one 
of said polypeptide subunits ia PDGF-D,,g. 

12. The biologically active protein of daim 11 wherein said biologically active protein has the amino acid se- 
quence shown in Fjg. 1. 

13. Ac^dingsequenceforbiologicallyactiveproteincomprisingcodingsecnjencesfor 

subunits of a naturally occurring mullimeric protein wherein said coding sequences have been linked (o- 
gether to code for a single continuous polypeptide. 

14. The coding sequence of daim 13 wherein said coding sequences code for a PDGF-BB fusion dimer. 

15. A tfP^r^^^M hn.<;t r*.l! nnntflining ^ nnrling .<;ftn«i«nce fnr hiolnQicp^lly ^,riivft pmmin rr^prl...inn no.1inn <;p. 
quences for two or more polypeptide subunits of a naturally occurring multimeric protein wherein said cod- 
ing fiequences have been linked together to code for a single continuous polypeptide. 

16. The transfected host ceB of daim 15 wherein said coding sequences code for a POGF-BB fusion dimer. 

17. A pharmaceutical composition comprising a biologically active protein of daim 1 and a pharmaceuticallv 
acceptat}le carrier. 

18. The pharmaceutical composition of daim 17 wherein said biologically active protein is a POGF-BB fusion 
dimer 

19. TTie pharmaceutical composition of daim 13 wherein said biologically active protein has the amino acid 

21 
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aequencG shown in Fig. 1. 

An inhibitor polypeptide comprising two or more polypeptide subunils of a natursfly occurring rmjllimeric 
protein wherein said subunits have been incorporated into a single continuous polypeplide and at least 
one or said sutxjnits i3 t3iologicaily inactive. 

The inhibitor polypepUde of claim 20 wherein one of said polypeptide subunits is a biologically active mem- 
ber of the PDGF family and on& of said subtinils Is a biologically inactive member of the PDGF family. 
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FIG. 2A 
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FIG. 2B 
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^ CTACAACGAGGAATAACATATGT^ 

TTCCTCCTTATTGTATACAGAGACCCAAGCAA-i^GCTlZcGCCTTG^ 

MetSerLeuGlySGrLeuThrlleAlAGluProAiaHetll 

ACGGCTCACGin-CTCTGCTTCGCTCCACAlG^C^^ 120 
eAlaGluCysLysThrArgThrCluVnlPheGluIleSerArgArgLeuIleAsp^ 
130 150 
GCCAACTTCCTGGTGTGCC^ 

rAsnAlaAsnPheLeuValTrprrpProCysValCluValGlnArqCysSerClyCysCy 
190 210 

ISl f^S^^ff^^^^^^^^f^GTGCCGGCCCACCCAGGTGCAGCTCC^^ 

^^^^ 



121 



241 



CAATi 



IBO 



GTTGTTGGCGTTCCACGTCACCGCCGGGTGGCTCCACGTCCACGCCCGT^^ 
sAsnAsnArgAsnValGlnCysArgProThrClnVaiClnLeuArgProValclnValAr 
250 270 29U 

TTTCTACCTCTAACACGCCTTCTTCGGTTACAAATTCTTCCGCTGCC^ 

gLysI leGluI leValArgLysLysProUePheLysLysAlaThrValThrLcuGluAs 



300 



310 330 

l?,]T:''^iV^''''r^^^^^^^^ '''' 

pHisLeuAlaCyGLysCysGluThrValAlaAlaAlaArqrraValThtArgnerProGl 

^^o 380 

GGGTTCCCACCAr.CAGCGATAAG 
361 + + 

CCCAACCCTCCTCGTCGCTATTCTTAA 
yC lySerGlnG 1 uGljtArg 
114 i;95 



FIG. 3 
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10 30 50 

TCGACAGTCGGCATGAATCGCTCCTGGGCGCTCTTCCTGTCTCTCTGCTGCTACCTGCCT 
MetAsnArgCysTrpAlaLeuPheLeuSerLeuCysCysTyrLeuArg 

70 90 110 

CTGGTCAGCGCCGAGGGGGACCCCATTCCCGAGGAGCTCTATAAGATGCTGAGTGGCCAC 
LeuValSerAlaGluGlyAspProlleProGluGluLeuTyrLysMetLeuSerGlyHis 

1^0 150 170 

TCGATTCGCTCCTTCGATGACCTCCAGCGCCTGCTGCAGGGAGACTCCGGAAAAGAAGAT 
Serl leArqSerPheAspAspLeuGlnArgLeuLeuGlnGlyAspSerGlyLysGluAsp 

190 210 230 

GGGGCTGAGCTGGACCTGAACATGACCCGCTCCCATTCTGGTGGCGAGCTGGAGAGCTTG 
GlyAlaGluLeuAspLeuAsnMetThrArgSGrHisSerGlyGlyGluLeuGluSerLeu 

250 270 290 

GCTCGTGGGAAAAGGAGCCTGGGTTCGTTAACCATTGCGGAACCGGCTATGATTGCCGAG 
AlaArgGlyLysArqSerLeuClySerLeuThrlleAiaGluProAlaMetlleAlaGlu 

310 330 350 

TGCAAGACACGAACCGAGGTGTTCCAGATCTCCCGGCGCCTCATCGACCGCACCAATGCC 
CysLysThrArgThrGluValPheGluIleSerArgArqLeuIleAspArgThrAsnAla 

370 390 410 

AACTTCCTGGTGTGGCCGCCCTGCGTGGAGGTGCAGCGCTGCTCCGCCTGTTGCAACAAC 
AsnPheLeuvalTrpProProCysValGluValGlnArqCysSerGlyCysCysAsnAsn 

4 30 4 50 4 70 

CGCAACGTGCAGTGCCGGCCCACCCAGGTGCAGCTGCGGCCACTCL-AGC TGACAAACATC 
ArgAsnValGlnCysArgProThrGlnValGlnLeuArqProVaiClnVa lArgLyslie 

490 510 530 

GAGATTCTGCCGAAGAACCCAATCTTTAAGAAGGCCACGGTGACGCTGCACGACCACCTG 
Glul leValArqLysLysProIlePheLysLysAlaThrValThrLeuGluAspHisLeu 

550 570 

GCATGCAAGTGTGAGACAGTGGCAGCTGCACGGCCTGTGACCTCATAA 
AlaCysLysCysGluThrValAlaAiaAlaArgProValThr 



FIG. 4 
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FIG. 5 
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